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TORNADO OF MAY 24, 1927, A T  ST. JOSEPH, MO. 

By  W. 8. BELDEN 

A tornado advanced in an easterly direction through 
St. Joseph, Mo., from the Missouri River, beginning 
a t  about 5:18 a. m. on the 24th. I t s  destructive path 
was approximately two blocks wide, but not continuous. 
Much of the greater part of the destruction to property 
was in a business portion of the city from Third and 
Sylvanie Streets nearly due east to High School Hill. 
Within this distance of two-thirds of a mile niany large 
buildings were seriously damaged, roofs and walls being 
destroyed. After passing over the hill the course of the 
tornado was to the southeastward, with considerable 
damage for several blocks in the resident,ial district, 
beginning a t  Sixteenth and Olive Streets. Then after 
another interval of about half a mile, with only slight 
damage, the tornado blew down many valuable trees in 
Bartlett Park, after which it lost energy. For about 
half a mile on either side of the ininiediate path of the 
storm high winds caused considerable damage to shade 
trees, chimneys, etc. 

At the weather observatory, about half a mile north 
of the path of the storm, the wind attained an extreme 
velocity of 78 miles an hour from the northwest a t  5:18 
a. m. This record has been equaled only once since the 
establishment of the weather station in this city in 1910. 
For several hours preceding the tornado the temperature 
ranged from 71 to 68, the wind was light from the south- 
west, south, and east, and the barometer fell slightly, 
with reading reduced to sea level, approximately 29.71 
inches, for more than two hours preceding the storm. 
At the time of the passage of the t’ornado the barometer 
fell slightly and then rose abruptly 0.07 inch. Exces- 
sive rainfall for nine minutes, beginning a t  5:18 a. m., 
announted to 0.42 inch. Thunder and lightning accom- 
panying the storm were moderate. 

Two persons were slightly injured and none killed. 
A conservative estimate of property damage, made by 
the city engineer, was placed at  about $200,000. 

RAIN-BEARING WINDS IN T H E  FAR WESTERN STATES 

By THOMAS R. REED 

In “Weather Forecasting in the United States’’ (3) 
Henry says: “A simple and very general rule for fore- 
casting the weather in the Pacific Coast States is ‘south- 
erly winds bring rain; northerly, fair weather’ ” (p. 119). 
Probably all meteorologists, in fact all attentive observers 
of weather phenomena on the Pacific slope, will concur. 
So infallible appears the operation of this rule and so 
extensive is the territory over which it holds sway that 
desire is naturally aroused to determine the actual pro- 
portion of cases to which it applies and to define, and if 
possible ex lain the exceptions to it, both for the area in 

way of accomplishing this object was suggested by 
Von Hernnann’s paper entitled “The Rain-Bearing 
Winds of Atlanta, Ga.” ( I ) ,  in which rainfall percentages 
were diagrammatically represented for each of the eight 
compass points and for the various months of the year. 
Weather Bureau stations of the first order within the 
San Francisco forecast district, which comprises the 
States of Washington, Oregon, California, Nevada, and 
Idaho, were asked to contribute these statistics for the 
10-year period 1916-1925, and graphic representatlions 
developed from their tabulations are reproduced herewith. 
The only station submitting data based on a shorter 
period was Spokane, where only 5 years’ record was 
available. Diagrams for each of the 31 stations and for 
each of the 12 months have been drawn after the Von 
Herrmann plan, although involving a somewhat dis- 
similar development of the data. 

While diagrams for all the months reveal facts of in- 
terest, those portraying the rain-bearing winds of the 
wet season are most s i g d c a n t .  It is evident that due 
to the shortness of the period for which means were coni- 
puted, only the data for the rainy season can be relied 
upon for conclusions. Rainfall during the dry season 
is so infrequent and relatively so light that, to be repre- 
sentative, means would have to be obtained from an 
exceedingly long period of observations; longer, in all 

This 
fact should be borne in mind while inspecting the dia- 
grams, as otherwise very imperfect impressions may 
result. To cite one case in which this defect is well 

general an a for particular regions within it. A practicable 

robability, than any offered by available records. 

illustrated, take the San Luis Obispo figures for the 
marly rainless month of June. The percentages show 
nort,hwe,st to  be the rainiest quarter, but inspechion of 
the detailed record reveals the inadequacy of the data, 
as during the 10-year period there was a total rainfall of 
only 0.24 inch for all directions, of which 0.08 inch 
happened to occur while the wind was in the northwest. 
Another example is furnished by the San Jose table. In 
this case the meteorologist who supplied the data sought I 

to modify the obvious inconsistency of the dry-season 
percentages by e.xte.nding the record to include a 20-year 
period, a.nd yet we find the maximum rainfall in July 
occurring with a northwest, or fair weather, wind. Here 
the limitnbions of even a 20-year mean for the dry months 
are clearly illustrate,d, since the detailed record for July 
contains a 20-year ‘total of only 0.11 inch, of which 0.08 
inch fell during the time the wind was northwest. Similar 
defects could be pointed out in most of the tables so far 
as summer conditions are concerned, although the errors 
become less egregious as we go north along the coast 
and the amount of summer rainfall proportionately 
increases. 

Obviously, too, with so pronounced a dry season it 
was iniprac.ticable to follow Von Hernnann’s method of 
computing percentages on the basis of annual means and 
percentages based on monthly means were employed in 
preference. It was thought that labor would be lessened 
without material sacrifice of accuracy if station normals 
for the various months were used instead of actual means 
for the 10-year period, and most of the station officials 
made their computations in this way; but a few, feelin 
that the results thus obtained were misleading, compute 
means for the particular period involved and secured 
percentages therefrom. Emphasis must be given to the 
fact that the percentages refer to the amount of precipi- 
tation and not to frequency of its occurrence. 

The outstanding fact established by the tables and 
diagrams is the preponderance of precipitation with 
south winds. The most casual scrutiny of the data makes 
this plain. At some stations there are strong southeast 
and southwest components, and at  a few stations one or 
the other of these components exceeds the southerly 
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direction in the amount of precipitation associated there- 
with. In  most cases, it  is believed, the deviation from 
south or southwest can be accounted for by some oro- 
graphic explanation. Indeed, such explanation extends 
to nearly all phases of the diagrrnis where rains of any 
considerable amount are found occurring with other t h m  
a southerly wind. The exceptions will be found only to 
confirm the rule that, given a reasonably free exposure, 
the rain-bearing surface winds are preponderantly from 
southerly quarters. 

As an initial example of such deviation the case of 
Tatoosh Island, Wash., iiiay be cited. Situated n t  the 
entrance to the Straits of Juan de Fucn, it is pecu1i:irly 
exposed to the east winds which are often found sn eeping 
through them at times when southeiist of soutjh winds are 
blowing a t  other points on the Wnshington coast. Not 
infrequently when this is thc case cloucl observations at  
Tatoosh Island show the existence of southeast or south 
winds a t  a comparatively low level in the free air altuve. 
No other diagram depicts an easterly coiiiponeiit whicli 
approaches in value this one so conspicuous in the 
Tatoosh Island diagram, or it might better be said, the 
existence of an easterly current with rainfall is a mnrked 
rarity a t  the great majority of stations, Tatoosh Island 
being the most notable exception. 

This infrequency of precipitation M ith eust \binds in 
the far West is a phenomenon worthy of special note. 
While an east wind anywhere in this region denotes an 
offshore and therefore :E relatively dry wind, this by no 
means dismisses it as a factor in the rain-making process. 
Both Bjerknes and Shrtw, whose situation on a west con- 
tinental front in the North Temperate Zone makes their 
observations of peculiar interest to the student of weather 
forecasting in the North Pacific States, postulate an 
easterly current or '(wedge " over which the rain-beniing 
southerly wind riiust ride in order to precipitnte its 
moisture. Such being the case in western Europe, one 
would naturally expect to find its counterpart on our 
own western shores. A noteworthy dissimiliarity is 
presented by our diagranis in this respect, however. 
Not only is the occurrence of east winds a t  times of rain- 
fall an abnormality, but its appearance in any of the 
diagrams may be accounted for, as a rule, by some 
orographic explanation rather than 11y the assuniption 
of its existence as a function of the usual cyclonic circu- 
lation. This is obviously the case at  Tatoosh Islnncl, of 
which mention has been m:ide, and it is likewise true of 
winds a t  other stations farther south. 

At North Head and Portland, for esaniple, a small 
percentage of easterly wind is found, probably induced by 
the proximity of the great Columbia River gorge, which 
forms an east-west gap in the Coast and Cascade Ranges. 
Another station showing a rather prominent easterly 
component is Fresno. The occasion for this is not 
altogether obvious, although it niay well be found in 
the disposition of the foothill areas to  the north, which 
probably have a deflecting effect on the predominant 
rain wind, which is southeast, The hills may cause the 
rain-bearing wind to assume at  times an east-west trend 
over parts of the upper San Joaquin Valley. 

A conspicuous easterly arm is found in the Spokane 
diagram, but although explanations based on topographic 
features of the country might account for it, conclusions 
drawn from the data would be unsafe due to the short 
period (five years) covered by the record, together with 
the fact that much of the data are froiii interpolated 
records during the winter season, since a t  that time the 
recording rain gauge is not functioning. 

In  the consideration of easterly rain winds perhaps the 
diagrams which present the most anomalous outlines 
are those for Los Angeles and San Diego, particularly 
the former. Flanked by high mountain ranges to the 
leeward and possessing an unobst,ruc.ted marine exposure, 
the region around Los Angeles might be expected to 
offer ideal opportunity for the occurrence of rain winds 
from the oceanic or southwesterly quarter. Instead we 
find a very pronounced opposite component, not only 
easterly but northeasterly winds being conspicuous in 
nearly all months, but emeeding other directions .in a 
majority of cases. It is certain that any explanation of 
this state of things must reside in the configuration of the 
terrain. This region presents the most radical orographic 
contrasts to  be found in t,lie Unit,ed Stat,es. The mouq- 
tains rise sheer from base elevations but little above sea 
level to heights varying bet.mee.n 5,000 and 12,000 feet. 
The deflective effect produced in gradient winds by these 
colossal barriers could not be other t81ian profound, 
although it might not be supposed t'hat a complete 
reversal of direction would result. I t  seems probable 
that a t  both Los Ange,les and San Diego the relation of 
moiuitains and plain necessit'ates the fonnat'ion of some 
sort of eddy conforining in a general way to the axes of 
t,he princ,ipal raages. Those flanking Los Angeles lie 
east, and west, while those back of Saii Diego he north 
and sout,li, a disposition whic,li may serve to explain a 
horizontal eddy in t,he lower atminospheric levels! greatly 
cmniplicated in it,s details by the e.?rtreniely irregular 
chnract,er of the terrain ns a whole,. A t  San Diego, it 
will be noted, although considerable rain occurs with 
east, winds, the predominating rain wind is from the south 
during all the we.t months, whereas a t  Los Angeles 
nort,lie.ast rain winds predoininrtt'e during the wet months 
and southerly rain winds are inconsiderable. 

But if east and northeast winds a t  times of precipita- 
tion are exceptional, their insignificance is scarcely 
greater than that of winds from north and northwest 
quarters, and stations which show this idiosyncrasy are 
esce,ptional enough to require individual comnien t. Two 
such sta,tions are found in the intermouiita.iu region, 
namely, Baker and Boise. At Baker the northwest 
component is especially noteworthy, very nearly equaling 
the preponderant winter direction, which is southeast, 
and in spring and summer exceeding all others. A t  
both stations the cont,our of the land would seem to ac- 
count adequately for the unusual amount of precipita- 
tion with northwest winds. It will be remarked that 
winds of cyclonic origin-that is to say, rain winds-at 
both stations c.onforni in direction bo the main axial line 
of the respective va.lleys, being from one of two opposite 
directions, northwest and southeast. 

This subserviency of wind direction to the contour of 
the valleys is equally apparent in California., where the 
behavior of rain winds in the Santa Clara, Sacramento, 
and San Joaquin Valleys well illustrates the point. In 
the Sacramento Valley, in which Red Bluff and Sacra- 
iiiento are located, there is relatively little rain with 
northwest winds, since such winds are down-slope. In 
the San Joaquin Valley, and less pronouncedly in the 
Santa Clara Valley, represented by the stations a t  Fresno 
and San Jose, respectively, the reverse is true, northwest 
winds a t  these stations being up-slope winds and con- 
sequently contributing a moderate proportion of moisture. 

A feature common enough to the diagrams to warrant 
remark is the increase of rain percentage with northwest 
winds in the spring and fall of the year. Note will be 
taken in particular of the relative insignificance of the 
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northwest component a t  San Jose, Fresno, and Boise in 
winter months as compared with the increase shown in 
this arm of the diagram in March, April, May, and 
October. This phenomenon is doubtless attributable to 
the tendency of low-pressure systems to develop centers 
over the southern plateau and southern Rocky Mountain 
regions in the spring and fa.11 months, a. fa.c.t a.t,teste,d by 
the investigations of Bowie and Weightman (2), who 
have shown statistically that “Colorado LOWS” occur 
with maximum frequency in the spring and fall. The 
positing of a barometric minimuni somewhere near the 
region assigned to Colorado LOWS is prerequisite to nort,h- 
westerly rain-bearing winds in the far Western States, 
whether such rains are explained as of “cold-front ” 
origin, or are attributed to the inclination of the terrain. 
Both influences are probably a t  work, but examination 
of the diagrams leads to the inference that the latter is 
the more important, since only those stations a t  which 
the rainfall with northwest winds is palpably augmented 
by a convenient attitude of the terrain show aiiiounts 
which are of any consequence as compared with precipita- 
tion associated with winds from the contrary quarter. 

While this vie,w will probably not, invit>e cont,radicticm, 
since i t  is so widdy recognize,d t,hnt rainfall in tlie far 
West is subject, to orographic. cont’rol, t.he diagra.ma here- 
with, while substant,iating t,his opinion in ge,neral, would 
seem to oppose it in a t  least one particiilar, and thtit by 
no means an unimportant one, na.mely, t81ie small aninmit, 
of rainfall with westerly winds. The pa.ucit,y of rainfall 
with winds from the west is almost8 as pronounced and 
uniform as is the case wit,h winds froni obviously dry- 
weather quarters. Perhaps the heterodox aspec,t of this 
peculiarity may not impress one who is thinking of rsin- 
bearing winds in terms of cyclonic circulat,ion alone. 
West winds, aside from t,heir c.onnect,ion with “cold- 
front” or “squall-line ” prec.ipit,at,ion, are not ordinarily 
heavy rain producers. Thus Hemy has succinctly st,at.ecl 
(3) that “east to sout,heast winds are preeminently t,he 
rain winds of the Unit,ed States,” meaning quite evide,nt,lp 
that part of the United Stabes east, of t,he Contineiit,al 
Divide, for he ininiediat,ely qualifies the, st,atemen t’ by 
specifying t,he predominance of southerly rain winds in 
t8he Pacific S t a h .  At8 the same t8ime lie concedes, and 
apparently with esc.ellent logic, t,he importLance of west 
winds also as :t cont8ributBing source of ra.infall on t,he 
Pacific. slope. A glance at  a cont,our map of t,he west,ern 
United Stat’e.s will c,onvince one of the, pIausibiIit,y of t’his. 
With the great wesbern cordillera lying athwart, t.he pat8h 
of the we.st’erly winds, laden with moisture. from the 
Pacific Ocean, what could be more nahural than to classify 
such winds as rain producers, as under c,yclonic impulsion 
they are forced up and 0ve.r t,he mount8ain barrkrs that 
obstruct the.ir eastward course? It is surprising, bhere- 
fore, t,o find this view shatt,ered by the fact,s so fa.r-t,liat, 
is t,o say, as they can be deduced froni observations a t  
Weather Bure.au station&, most of whic.li, to be sure, me. 
a t  valley points. Perhaps if data we,re a.vaila.ble. for t.he 
mountain slopes they would tell a diffe,rent st,ory; quit,e 
pr6bsbly so in the  CAS^ of caiiyons cut,ting into t,he main 
range’s in an e.ast,-we,st direction, since in such cases the 
sa.nie condit,ions in a. degree would be pre.see.nt which h a w  
been shown t,o produce rain with nortjliwestm winds a t  
Baker, Boise, and Fresno, where tlie rainfall is augmented 
by an up-valley course of the air stream. 

While other explanat,ions could perhnps he offe.red to 
account for the meager rainfall with westerly surface 
yinds over the area represented by observat,ions, a 
p!ausible solution is suggested by consideration of the 

I 

probability that a westerly surface wind implies in general 
a northwest wind aloft. This assumption is a safe one, 
since the phenome.non of turning with increase of altitude 
is especially niarlied in winds of the western United 
St,ntes, where the lag and dist’ortion in surface currents 
are nccent,unted by t,he e,sc.eedingly rugged character of 
the relief. It will be adinitted that a northwest wind in 
the free air would not be a vigorous rain producer, since 
it, would pnrsllel nimy of tlie niountain ranges and 
nt,tack ot,hers a t  :t rather small a.ngle. The converse of 
this propositmion would be true of winds from a southerly 
quarter. Such winds would bear up against the moun- 
t,ains tit, an increa.sing angle wit,li e.levation and thus have 
their natural condensational proclivities increased. On 
t,liis bnsis we nia,y conclude t,lint westerly winds in the 
free uir ,  in contrast t,o mester1ie.s a t  the surface, are 
prod tic tive of railif all, since they w oulcl be t,h e inevi t,s.bl e 
conc.oniitant, of souhhuwst surfme winds, which the 
diagrams show t.n be one of t’he t,hree surface winds most 
prolific. in attendant, rainfall. 

If the analogy be. ca.rrie,d furt,her, we must conclude 
that t,he most procIuct,ive ra.in winds in the free air are 
from the sout,hwest, since such winds would be assoc,iated 
wit,li soutliedy surface winds, and sout,he,rly surface winds 
are shown by the diagrams to be consonant with masi- 
~ i iun i  rainfdl. L41though sout,heast winds share in this 
charmt,eristic, nncl even predominate in some of the 
dingrnnis, it, is believed t’liat in a majority of cases this 
is the result, of distortmion introtluaed by topography in 
wliat would otlierwise be a soiith rather than a southeast 
surfwe wind. This is dearly so in the geological de- 
pressions occ.upied by Red Bluff, Sacramento, San Jose, 
Fresno, Boise, and Baker, and bo a c,ertain extent it may 
apply at  Snn Fra.nc.isco, Eure,ka, Seat,tJe, San Luis Obispo, 
and San Die.go. 

In conclusion it, may be p0inte.d out t1ia.t the peculiar 
rain-nmking function of southwest winds in t,he free air 
is n phenomenon e.asily recognized by inspection of rain- 
type weather chnrt,s for t,he far We,st,e,rn State,s. The 
isobars on such chartas will almost inva.riably call for a 
southwest, c.urrertt, a t  nioclerately high altitudes over the 
are,:t where precipit,at,ion is occurring in considerable 
amounts. Slt,hough this assertion may not provoke 
incredulity, t,wo isobaric chart,s are submitted in support 
o l  it, dbpic.t,ing t,he average baromet,ric pressure between 
t,he 110th and 155t,h nie,ridians, west longitude, and the 
re!a.t,ed ra.infnl1 in the Pacific fore,cast ciist,rict. The same 
ci:lenda,r month has been chosen, viz, Oct,ober, of two 
c.onsecutive years. The c.lioice, was gove.rned .primarily 
by recognition that, t,he. months in quest’ion presented 
opposihe types of weat,her for the district as a whole, 
Octobe,r, 1924, being unusually nioist and October, 1925, 
dry. It was conse,quent>ly believed that isobars derived 
from average pressims for t8wo such months could be 
depended on to illustm te with least deception the general 
air circulation responsible for such contrary effects. 

It will be observed that for t8he wet month the trend 
of t,he isobnrs implies a preponderance of southwest winds; 
that is t80 say, winds paralleling the isobars, in the free 
:til contiguous t,o t’he area where precipit,ation is in excess 
of t,lie normal, while for tdie. dry month the isobars call for 
free-air winds from nort,herly quart’ers over the greater 
pa.rt of the disbrict,. The excess of moisture in parts of 
Idaho, Nevada., and southern California on the dry- 
weather chwt is alt,oget~her att8ributable to LOWS of the 
plat,eau or Colorado type, which were generated on the 
so11 theast, sick of t,lie California-Hawaii high-pressure 
syst,em, bhe existence of which is not alt,ogether effaced 
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even by their absorption into mean pressure values for 
the month. The significant feature of t,his chart, how- 
ever, is the abnormal posit,ion and axial att,itude of the 
oceanic high-pressure system, which is so disposed as to 

the state-wide average for this October had not been 
equaled since 1899, while for certain localities along the 
north coast the amounts exceeded any October rainfalls 
of record. 

FIG. 3.-October 1924. Mean 8 a. m. pressure i a. m. nt sen. 75th meridian t h e .  .4 
Region of subilormn2 notably wet mhnth over much of the Pncifid forecast district. 

predpitation shorn by hatched lines, supernormal by cross-hutched lines 

imply t,he displacement of southwesterly or rain-bearing 
air currents into quite high latit,udes. 

In  contrast to this pressure arrangement is that for the 
preceding October, when the oceanic high-pressure 
system lay far  to the west, t,hus permitt,ing easy access in 
lower latitudes of winds from t,he southwe.st or rainy 
quarter. The effect of the ingress of air froni this qusrt'er 
was so marked that i t  c.an not be apprec.iated by t,he mere 
shtement that the ensuing rainfall exceeded the normal 
over a large area. The excess was so extraordinary that 
in Washington comparat,ive data showed t,he month to  be 
the wette.st October sinc.e st,at.e-wide rerords had been 
kept, a period of 35 years. In Oregon it, was the wetbest 
October for the State as a whole since, 1900, and for t'he 
western division the wetstrest since 1890. In  California 

FIG. 4.--October, 1925. Mean 8 a. m. pressure, 7 a. ni. at sea,, 75th merldian time. A 
dry month over much of the Paciflc forecast district. Region of subnormal precipi- 
tation shown by hatched lines, supernormal by crosshatched Unea 

NOTES TO FIGURES 1 AND 2 

1 Total amount, all directions, 0 25 inch. 
2 Only one rsin iu 10 years; amount, 0.01 inch. 
1 Total 0.09 inch. 
4 Tohiamount, all directions, 0.08 inch. 
8 100 per cent east. 
8 33 per cent northeast total 0 01 inch. 67 per cent southesst total 0.02 inch. 
7 Northeast rnin not t h c a l ;  &?used dy frmk storm of SepGmber, 1918; 4.M) inches 

8 Abnormal north and northwest components caused by rainstorm of September, 1918. 
Lilling while wind was northeast. 
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TWELVE YEARS O F  LONO-RANGE FORECASTINO O F  PRECIPITATION AND WATER LEVELS 

By AXEL W A L L ~ N  
[8tockholm, Sweden] 

(Translation by B. M. Varney from the E6ppen-Heft der Annalen der Hydroflaphie, 1926) 

Each year since 1915 I have publishe,d, usually in Feb- 
ruary, an advance computation of the probable tendency 
of precipitation and water level in Sweden for the ensu- 
ing 12 months. In  view of the very considerable period 
during which these long-range forecasts have been made 
and tested, I wish to give in what follows a short review 
of the results. 

With regard to the methods used I shall speak briefly, 
since the principles have been set out more in detail 
elsewhere.' They are based on the existence of a period a 
few years in length, of an average value of some 28 months, 
and on a period that averages 11 years, which shows also 
two secondary maxima and minima within this 11 years. 
This latter period is very important in the case of lakes 

1 Axel Wallh, Vanerns Vattenstandsvariationer. Meddelanden fran Hydrografiska 
byran. 1. Stockholm, 191O.-Les previsions des niveaux d'eau et des debits en Euede. 
Oeograf. Annaler h. 3. 4. 1919. 

that have large storage capacity, e. g., Lake Wenner; on 
the other hand, its significance is relatively less con- 
spicuous in the case of precipitation changes and as 
regards the levels of wateys not characterized by great 
reservoirs of that sort. 

The method I have found most useful in preparin the 

a study of the variations of the elements involved, the 
yearly period of each having first been eliminated; after 
such elimination these elements showed a period most 
clearly, the average length of which is 28 months, with, 
however, considerable irregularity. 

forecasts here set forth may be described most simp 7 y as 

If we designate the original monthly values as 

u'u2aS . . . . * 

(smoothed by forming running five-month values), and 


